I. INTRODUCTION
Axial flux PM (AFPM) machines have a number of distinct advantages outstripping the radial flux PM machines and they are widely used in the applications such as electrical vehicles (EV) and hybrid electric vehicles (HEV) which have limited space [1] . However, because of small contact surface between shaft and rotor plate, it is difficult to design the mechanical joint between two parts, and thus the manufacturing imperfections are highly likely to occur because of improper design and assembly. Several approaches could be adopted to detect these imperfections. In this paper, the effects on the back EMF are investigated. More details will be reported in the full paper.
II. FLUX DENSITY CALCULATION AND ANALYSIS
A quasi-3D method is adopted to convert 3D model to 2D model in order to quickly calculate the air-gap flux density, which is shown in Fig. 1 . The machine is divided into certain number of layers in order to consider the 3D structure. Next, the Maxwell's equations are solved, and the tangential and radial flux densities of air gap under slotless structure are obtained. After that, an improved conformal mapping, Schwarz Christoffel (SC) mapping is used to calculate the relative air gap permeance. SC solution could draw the real slot shape and consider the interaction between two adjacent slots. The radial and tangential flux densities at no-load and on load conditions are shown in Fig. 2 . 
III. BACK EMF CALCULATION AND ANALYSIS
To evaluate the manufacturing imperfections, one of the four cases, the static angular eccentricity, is selected in this digest. Fig. 3 shows its topology and basic information. The equation of variable air gap length is used to investigate the angular eccentricity condition. The flux density and the back EMF of SE are shown in Fig. 4 . The back EMFs in the other three eccentricities cases will be presented in the full paper. 
IV. CONCLUSION
In this paper, a complete analytical model is presented to investigate the manufacturing imperfections. The back EMFs under, un-uniform air gap, etc., are calculated in order to detect the improper assembly and manufacturing.
